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$\nabla\cdot u(x, t)=0$ (1)
$NS$
$\frac{\partial u(x,t)}{\partial t}+(u(x, t)\cdot\nabla)u(x, t)=-\nabla p(x, t)+\nu\nabla^{2}u(x, t)+f(x, t)$ , (2)
$p(x, t)$ $v$ $f(x, t)$
$g(x)$ Fourier $g_{k}$
$g_{k}= \int d^{3}xg(x)e^{-ikx}$ , (3)
$g(x)= \int\frac{d^{3}k}{(2\pi)^{3}}g_{k}e^{ikx}$ (4)
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(Fourier ) Navier-Stokes
$( \frac{\partial}{\partial t}+\nu k^{2})u_{k}^{i}(t)=\int\frac{d^{3}p}{(2\pi)^{3}}\frac{d^{3}q}{(2\pi)^{3}}(2\pi)^{3}\delta(k-p-q)M_{k}^{iab}u_{p}^{a}(t)u_{q}^{b}(t)+f_{k}^{i}(t)$ (5)
$M_{k}^{ioh}=- \frac{i}{2}(k_{a}D_{k}^{ib}+k_{b}D_{k}^{ia}) , D_{k}^{ab}=\delta_{ij}-\frac{k_{i}k_{j}}{k^{2}}$. (6)
$( \frac{\partial}{\partial t}+\nu L)u=Muu+f$ (7)
(i) (ii) (iii)
(i)
Kolmogorov Reynolds ${\rm Re}=UL/\nu$ $(U$
$L$ ) ${\rm Re}^{3/4}$
${\rm Re}^{9/4}$ $U=10[m/s],$ $L=10^{3}[m],$ $\nu=10^{5}[m^{2}/s]$ ,


















$( \frac{\partial}{\partial t}+\nu L)\langle u\rangle=\lambda M\langle uu\rangle+\langle f\rangle$ (8)
$\lambda=1$
1 $\langle u\rangle$ 2 2
(7) $u$





$B$ $A$ $A$ $B$ $\lambda$








$\lambda M\langle uuu\rangle=\lambda^{2}\mathcal{F}[Q(t,t)]$ , (14)
$Q(t, s):=\langle u(t)u(s)\rangle$ , (15)
2 (Quasi Normal Approxima-
tion, QNA) [2]
$\lambda M\langle uuu\rangle=\lambda^{2}\mathcal{F}[Q(t, s), G(t, s)]$ , (16)
$G(t, s):=\langle\delta u(t)/\delta f(s)\rangle$ (17)
2 2 $s$ $f(s)$ $u$ $t$
$G(t, s)$ (Direct Interaction Ap-
proximation, DIA) [3] Euler $u(x,t)$ Lagrange
$u(x, s|t)$ $s$ $x$ $t$ Lagrange $\cdot$
2 $Q^{L}(t, s)$ $G^{L}(t, s)$
$M\langle uuu\rangle=\mathcal{F}[Q^{L}(t, s), G^{L}(t, s)]$ , (18)
Abridged Lagrangian history direct interaction approximation
(ALHDIA) [4] Lagrange (LRA) [5] Lagrange 2
$Q^{L}(t, s)$ $G^{L}(t, s)$ ALHDIA
LRA
$NS$ ALHDIA LRA Kolmogorov















Gross-Pitaevskii ( $GP$ )
NLS $GP$
$i \hslash\frac{\partial\psi}{\partial t}=-(\frac{\hslash}{2m}\nabla^{2}+\mu)\psi+g|\psi|^{2}\psi$ (19)
$\psi$ boson $\hat{\psi}$ $\psi:=\langle\hat{\psi}\rangle$




$\frac{\partial}{\partial t}\rho+\nabla\cdot(\rho v) = 0$ , (20)
$\frac{\partial}{\partial t}v+(v\cdot\nabla)v = -\nabla p_{q}$ (21)
$v:= \frac{\hslash}{m}\nabla\varphi$ , (22)
$p_{q}:=- \frac{\hslash^{2}}{2m^{2}}\frac{\nabla^{2}\sqrt{\rho}}{\sqrt{\rho}}$ (23)
153
$\rho$ $v$ (20) (21)
$NS$ $\rho\neq 0$
$v$
$\omega:=\nabla\cross v=0$ $dl\cdot v=$
$\int_{S}dS\cdot\omega(C=\partial S)$ $C$ $\rho=0$
$0$
$C$ $\rho=0$ $\varphi(mod 2\pi)$
$\int_{C}dl\cdot v=n\frac{h}{m} (n=0, \pm 1, \pm 2, \cdots)$ , (24)
$i=g\overline{n}t/\hslash,\tilde{\psi}=\psi/\overline{n}$ (19)
$i \frac{\partial\tilde{\psi}}{\partial\tilde{t}}=-\xi^{2}\nabla^{2}\tilde{\psi}-\tilde{\psi}+|\tilde{\psi}|^{2}\tilde{\psi}$ , (25)
$\xi:=\frac{\hslash}{\sqrt{2mg\overline{n}}}$ (26)





























$E^{\psi}(k)$ [8] $E^{\psi}(k)\propto k^{-2/3},$ $[9]$













$\langle\psi_{k}(t)\psi_{k}^{*},(t’)\rangle:=Q_{k}(t, t’)(2\pi)^{3}\delta(k-k’)$ , (31)
$\langle\frac{\delta\psi_{k}(t)}{\delta f_{k},(t)}\rangle:=G_{k}(t, t’)\delta(k-k’)$ (32)
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